Abstract: A shark tooth from the Spartan Glacier Formation of the Fossil Bluff Group of Alexander Island, Antarctic Peninsula is described and assigned to Palaeospinacidae, an extinct group of neoselachian sharks. This tooth was previously supposed to have been recovered from Middle Jurassic strata and to belong to Hybodus. However, sedimentation of the Spartan Glacier Formation was from the Valangian to Aptian. Consequently, an Early Cretaceous age is assigned to the specimen although its exact stratigraphical horizon is unknown. A generic assignment, however, is not possible although it may belong to Paraorthacodus. This specimen represents the first record of a neoselachian from the Early Cretaceous of Antarctica.
Introduction
Fossil fish remains are rather abundant in Late Cretaceous and Eocene sediments of the Antarctic Peninsula. Woodward (1908) was the first to describe isolated fish remains from Cretaceous-Tertiary strata of Seymour and Snow Hill islands. Additional Mesozoic and Tertiary finds supplemented afterwards to the knowledge of postPalaeozoic Antarctic fish faunas (e.g. Chatterjee & Zinsmeister 1982 , Grande & Eastman 1986 , Grande & Chatterjee 1987 , Long 1992 , Jerzma½ska & Ðwidnicki 1992 , Balushkin 1994 , Cione & Reguero 1998 , Cione et al. 2001 , Kriwet & Gaïdzicki 2003 . Eocene Antarctic fish remains outside the Antarctic Peninsula have been recently reported from Mount Discovery in East Antarctica (Long & Stilwell 2000) .
So far, Cretaceous fish remains are only known from Campanian strata of James Ross Island (e.g. Richter & Ward 1990) and from Maastrichtian deposits of Seymour Island (e.g. Cione & Medina 1987) . Early Cretaceous selachians have not yet been documented. Richter & Thomson (1989) indicated the possible presence of the neopterygian Vinctifer in Albian strata of James Ross Island.
Very few Late Jurassic specimens have been found on James Ross Island (Richter & Thomson 1989) and at Longing Gap (Farquharson 1983 , Doyle & Whitham 1991 . The pholidophoriform neopterygian Oreochima ellioti is the only reported Early Jurassic Antarctic fish to date (Schaeffer 1972) . Fleming et al. (1938) and Stephenson & Fleming (1940) indicated the occurrence of an isolated selachian tooth in the Middle Jurassic of Alexander Island (Antarctic Peninsula). They assigned the tooth to the hybodontoid selachian genus Hybodus without any description or figure. This specimen is stored in the fossil fish collection of the Natural History Museum in London and is catalogued BMNH P.37782.
The purpose of this paper is to describe and to re-evaluate the taxonomic identity and stratigraphical occurrence of this specimen. This specimen represents the first neoselachian shark record from the Early Cretaceous of Antarctica and contributes to the knowledge about the palaeobiogeographical distribution of synechodontiforms.
Geological and geographical setting
The Antarctic Peninsula represents the eroded basis of a Mesozoic volcanic arc which was formed during the eastward subduction of proto-Pacific oceanic crust during the Mesozoic (Moncrieff & Kelly 1993) . The tectonic events resulted in deposition of a thick fore-arc basin sequence comprising the Fossil Bluff Group (e.g. Taylor et al. 1979 , Storey & Garrett 1985 , Butterworth et al. 1988 ) that is exposed along the east coast of Alexander Island in a narrow, 250 km long and 30 km wide belt (Fig. 1) . The oldest sediments were accumulated in the Early to Middle Jurassic on the upper slope. The fore-arc basin was formed in the Late Jurassic (Doubleday & Storey 1998) . Sedimentation in this basin was predominately marine and continued until at least Early Cretaceous (Albian) times (e.g. . The upper part of the Fossil Bluff Group (Neptune Glacier Formation) contains a prograded wedge of non-marine sediments that have been deposited in a fluvial regime, the Triton Point Member, which is of late Albian age (Moncrieff & Kelly 1993) . The most southerly fossil forests (palaeolatitude 75ºS) are exposed in this member where woods occur widely and include also in situ roots, stumps and trunks (Falcon-Lang & Cantrill 2000) . The specimen described herein was recovered by a team of the British Graham Land Expedition 1934-37 on a cliff approximately 800 m north of Fossil Camp (present-day 71º18'S, 68º20'W) (Fig. 1, asterisk) .
Here, sediments of the Valanginian-Aptian Spartan Glacier Formation are exposed (Butterworth et al. 1988 , Crame personal communication 2003 . The sediments were deposited on the outer shelf (Doubleday & Storey 1998) .
Systematic palaeontology
Subcohort SQUALEA White, 1937 Superorder NOTIDANOIDEA Carvalho, 1996 Order SYNECHODONTIFORMES Duffin & Ward, 1993 Family PALAEOSPINACIDAE Regan, 1906 Gen. et sp. indet.
Description
The tooth (BMNH P.37782) is still embedded in darkgreyish and fine-grained matrix (siltstone), and only the labial side of the tooth and the outline of the tooth base are observable. The specimen preserves a crown and remnants of the root (Fig. 2) . The tooth crown consists of a central cusp flanked by a single prominent lateral cusplet on one side. The lateral cusplet of the other side is missing. The central cusp is 10.2 mm in height and 3.0 mm in basal width with a mesiodistally expanded base. The apex is damaged and displays rather strong wear patterns. The cutting edges are prominent without any serrations and continuous between central cusp and lateral cusplet. The labial face of the crown is flat and cambered towards the base with a rather straight basal ledge that slightly overhangs the root. There are numerous (> 30), densely arranged, delicate folds ascending mostly from the crown base and reaching almost the middle of the height of the cusp (Fig. 2a) . The folds are vertical, flexuous and irregular. The upper part of the crown is smooth. The single lateral cusplet is well separated from the main cusp and rather divergent with an angle of about 50º. It is prominent with a broad base. The apex is acute and slightly curved towards the main cusp. Numerous delicate and long longitudinal striae identical to those of the main cusp are present on its labial face ascending from the crown base. Based on the curvature of the main cusp, it might represent the mesial cusplet. The presence of additional lateral cusplets is uncertain. However, the root juts out below the lateral cusplet leaving sufficient area for an additional cusplet. The crown-root junction is not markedly incised but rather flat (Fig. 2b) . The root is poorly preserved and does not shed lights on its vascularization system. The preserved part below the crown-root junction is massive and characteristically smooth and devoid of any foramina. There seems to be a faint incision below the lateral cusplet in the root indicating the probable presence of root grove. No foramina are open on the preserved part of the root. In basal view, the outline of the root is mesio-distally elongated, almost oval with a weak V-shaped, lingual broadening below the central cusp.
Systematic discussion
The state of preservation and the incompleteness of the single specimen assigned to Hybodus by Fleming et al. (1938) and Stephenson & Fleming (1940) and described herein prevent a more detailed examination of its morphology (e.g. lingual side) and to find many diagnostic characters. Unfortunately, it is not possible to establish the morphology of the root and its vascularization (e.g. anaulacorhize, hemiaulacorhize, holaulacorhize) that provides important characters for the higher taxonomic assignment.
The morphology of the crown (e.g. well-separated lateral cusplet, detached from the root by a very thin crown band [compare e.g. Siverson 1992, figs 3-4] ) in combination with the ornamentation (flexuous longitudinal ridges) is similar to that found in extinct synechodontiform (neoselachian) sharks and distinguishes the specimen from teeth of hybodontoid sharks (e.g. compare Patterson 1966) .
The morphology of the root provides additional characters to assign the tooth to synechodontiforms. It is oval and elongated in outline in basal view. The absence of any foramina on the upper preserved labial part of the root which is massive and not spongious as in hybodont teeth attributes the specimen clearly to neoselachians. Consequently, the specimen described herein is attributed to synechodontiforms despite its incompleteness based on the combination of the following characters: high main cusp, prominent and well-separated cusplet resting more or less directly on the root, ornamentation pattern and massive root without randomly distributed foramina on its labial face.
Two families, Orthacodidae and Palaeospinacidae, with a single (Sphenodus) and four genera (Mucrovenator, Paraorthacodus, Synechodus, Welcomia) , respectively, are united within synechodontiforms (e.g. Cappetta 1987 , 1990 , Herman 1977 , Duffin & Ward 1993 , Thies 1993 , Böttcher & Duffin 2000 : note that Palaeospinax is treated as synonymy of Synechodus according to Duffin & Ward [1993] ). Although teeth of some Sphenodus spp. might possess up to two very low and almost indistinguishable lateral cusplets (Duffin & Ward 1993) , the presence of a well-developed lateral cusplet distinguishes the tooth from teeth of Sphenodus.
Teeth of Mucrovenator Cuny et al. (2001) from the Middle Triassic of North America and Late Triassic of Europe differ mainly in the absence of the very characteristic deep grooves separated by laminae on the labial root face and a less developed bulge of the labial face. The ornamentation consists of very strong and long vertical folds. The attribution of this genus to synechodontiforms seems questionable because of the root morphology. The teeth of Welcomia, an Early Cretaceous synechodontiform, are devoid of any sculpture (Cappetta 1992 , figs 1-8, pls 1-3), contrary to the condition found in Synechodus and Paraorthacodus.
The main feature of Synechodus-teeth is that the lateral cusplets are more slender and not as strongly separated from the main cusp as in Paraorthacodus, and that the labial face is cambered and overhangs the crown-root junction with a well-defined bulge. On the other hand, the first lateral cusplets are well separated from the main cusp and the labial bulge is less pronounced in Paraorthacodus. Consequently, the new Antarctic specimen might be more closely related to Paraorthacodus than to Synechodus based on the characters described above. Nevertheless, a definite generic assignment of the specimen is not possible.
Conclusions
The taxonomic identity of the specimen from the Lower Jurassic of Alexander Island West off Antarctic Peninsula is difficult to establish because of its imperfect state of preservation. More and better-preserved material is needed to reconstruct the dentition more detailed and to establish its taxonomy more precisely. The single specimen, however, displays features that are typical for teeth of palaeospinacid neoselachians although it is not possible to assign it to any genus with certainty.
Palaeospinacids were mainly small (< 1 m in length) benthopelagic sharks (Thies & Reif 1985) and are known from many Late Jurassic-Palaeogene Laurasian localities. Most Early Cretaceous records of Paraorthacodus are from southern Gondwana, whereas Synechodus is known only from the Northern Hemisphere in the Early Cretaceous. Paraorthacodus also occurs in the Late Cretaceous (Campanian) of the Antarctic Peninsula (personal observation).
The specimen from the Fossil Bluff group of Alexander Island contributes significantly to the knowledge about Mesozoic neoselachian diversity of Gondwana and is the first neoselachian record from the Early Cretaceous of Antarctica. It expands the Early Cretaceous distribution of palaeospinacids further southwards.
